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K. Y. Chan, B. J. Halm and J. W. B. Stewart 
l. Introduction 
In Saskatchewan under a semi-arid climate~ the surface layer (0-15 
c~) of the soil often is too dry to support extensive plant growth. 
Most native plants found in this region are deep rooted and obtain 
significant quantities of nutrients and moisture from depths below the 
top 15 em soil layer. Similarly, many of the successful commercial 
crops such as rapeseed and wheat grown in the prairie provinces have 
root systems that explore the soil depths. These facts have been cla-
rified by many studies that have, for instance, shown a significant 
correlation between the uptake of a mobile element such 
nitrogen by plants to the amount of N0 3 -N in the top 60 
as nitrate 
em of the soil. 
I 
Phosphorus, a relatively non-mobile element, has not shown this 
same relationship as available phosphorus (measured as NaHC03 -extract-
able P) in the top 15 em soil depth showed a better correlation with 
plant phosphorus uptake than does the same assessment to a depth of 
60 em. Many reasons have been advanced to explain this, and most of 
thesy concentrate on the relative immobility of the H2 P04 ion in the 
soil and on the percentage of roots in the various soil horizons. 
However some soils, especially light textured soils, have appreciable 
amounts of NaHC0 3 -extractable P below the top 15 em. As the top 15 
c• of the soil usually contain very small amounts of available water 
during th~ growing season in light textured soils, some of the subsoil 
P must contribute to the nutrition of the plants. The extent of the 
contribution of subsoil phosphorus to plant nutrition and yields is 
unknown. 
In the last few years, interrelated investigations in this area 
have been carried out in Saskatoon. In 1971, Mr. J. H. Farley and 
Dr. E. H. Halstead of the Department of Soil Science, started a series 
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of growth chamber experiments to monitor root elongation of wheat and 
rapeseed plarit roots in situ, and to compare nutrient uptake at di.ffer,ent 
depths in the profile. Concurrently, Mr. H. Ukrainetz, C.D.A. Research 
Institute, started greenhouse and field experiments to measure the 
contribution of subsoil P to nutrient uptake by cereals and rape on 
loam and clay-loam soils at Loon River, Scott and R.osetown. In May 
I 
1972 the present study was started on a coarse textured soil on the 
C.D.A. irrigation plots on the University farm in Saskatoon. 
Spec.ifically the. objectives of this latter project were to deter-
mine~ (1) t~e contribution of sub~oil P to the nutrition of rapeseed 
plants, (2) the effectiveness of deep placement of P in coarse textured 
soils on the P uptake and yi~ld of rapeseed, (3) the effect of avail-
able soil moisture on the uptake of subsoil depths before and after 
incubation with fertilizer P. 
2, Experimental 
All experimental work was started in May 1972 and has continued 
through to the time of this report. 
2.1 Field studies 
Span rape seed was grQwn under di f f er~llt phosphorus p:l..ac~m.en t and 
available moisture conditions on the C.D.A. irrigat~oq test pl~t area 
of the University farm. The soil in thi~ anea has been classified as 
an Asquith Association, and consists chiefly of coarse textured·cher-
nozemic dark brown soils developed on lacustrine deposits. Ths surface 
\ !. ' 
Ap horizon which varie!jl from 10-15 em consists of dark greyish brown 
surface soil of fine sandy loam texture. The Bm horizon is approxi-
mately 15 em deep and consists of olive brown loamy sand. The C horizon 
is a light olive brown fine sand. The physical and chemical charac-
teristics of the soil at the experimental site are reported in Tables 
l and 2. 
:~n experiment was carried out on this soil that invqlVe~ growing 
Span rapes~ed on this light texturrd soil under two moi§ture r~gimes 
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( normal precipitation, and adding irrigation water when the available 
soil moisture dropped to 60%). The complete plot area was therefore 
divided into two~ one "dry" area and one "wet" area. Within both dry 
and wet areas the.re were four blocks measuring 30' by 3?'· The north 
./ 
half of each brock (i.e. an area 15' by 30') rec~ived phosphate fer-
tilizer at • rate of 40 lbs of ll-48-0 at seeding, and in the south 
half the rape~eed was seeded without added fertilizer. 
Moisture measurements were taken throughout the growing season 
using both surface and probe neutron moisture meter~, and access 
moisture tubes were placed in each block. Soil temperatures were 
also record~d at 15 and 30 em on both wet and dry areas. All areas 
received nitrogen fertilizer at the rate of 30 lbs of N/acre and a 
pre-emergenc~herbicide (Trefla~) was also sprayed on the soil. Span 
rapeseed was sown on May 30, 1972. Furadan insecticide was mixed with 
the rapeseed and incorporated into the soil. Details of the experimen~ 
tal layout of the field plot can be seen in Figure l. 
The uptake of phosphate from depth was measured in two ways. On 
the area 
p32 with 
of the plot where rapesee~ was see~ed with phosphate fertilizer, 
carrier was injected at 30 em and at 45 em as illustrated in 
fi gtJ.r e 2. The area treated in this way was 15 em x 30 em. In this 
0.05 square meter area there were 15 holes for p32 injection. Plastic 
tubing was inserted into these holes to desired depths and the p32 
solution was injected through the plastic tubing to 30 em and 45 em 
depth. Twenty-five mls (equivalent to 37.5 VCi)P32 and containing 
0.595 g of mono-ammonium phosphate was injected into each 15 holes. 
A similar placement of equivalent amounts of p31 solution at the 
same depth was carried out on an adjoining area of the plot (see 
Figure 2). On the portion of the plot where rapeseed had not been 
seedad with fertilizer, carrier free p32 solution was injected in a 
similar manner at 30 and 45 em depths, respeqtively. A total of 140 
~Ci carrier free P32 was placed in each labelled 0.05 square meter area. 
Plant samples were taken at seyen time intervals during the 
growing season. Samples were taken from all the treatments on the same 
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date. The plot was seeded on May 30, 1972, and the first sample was 
taken 25 days later, and then at ~rregular intervals until harvest. 
Plant samples wer1 dried at 60°C for 36 hours and then ww-re ground and 
analyzed for P content and p32 (where applicable). At the final harvest 
date the samples were separated into rapeseed and straw. 
2.2 nbot dist~ibution studies 
Root distri~ution studies were carried out on the field plot in 
late July. Bot~ injection and leaf absorption of p32 was attempted in 
order to obtain a p32 labelled plant which then cdul. b• detected 
in soil cores taken from the surrounding area. oirfi~~~~y was experi-
enced in both labelling methods. In this ph~•P~bru- absorption method, 
the leaves of the plants wpre bent and dipped int~ a carrier free p32 
solution kept in a small plastic vial. However insufficient amounts of 
p 3 2 were removed and distributed to the plant by this method.· A second 
method tried was the stem injection technique which D. A. Rennie and 
E. H. Halstead had developed for wheat plants. Again this was not 
found to be successful. A modified injection technique was attempted. 
In thi~ a small opening about 1.5 em long and 0.5 em deep was cut off 
.from the stem of the plant. This small opening was filled up with a 
small pi~c' of cotton wool, and 0.4 ml equivalent to 382 VCi of p32 
was in~~cted into the absorbing cotton wool. This method proved more 
_s~ccessful in getting higher counts down to the roots. The main 
I 
problem encountered in this root distribution method was that the p32 
seemed to accumulate in the tap root in the top 0-15 em in the soil, 
and the radioactive counts detected from the 0-15 em soil root cores 
were much hikher than the soil root cores taken from lower depthsJFig.3) 
I 
2.3 Laboratory experiment 
Incubation studies in which soil from the 0-15, 15-30 and 30-60 
em depths in the field were incubated with added mono-ammonium phosphate 
in a wetting and drying experiment which was designed to simulate field 
conditions. The availability of the added phosphate was measured in 
stem 
absorbing 
cotton wool 
sealed with 
sellotape 
iniection 
FIGURE 3. PLANT INJECTION FOR ROOT-DISTRIBUTION STUDIES 
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two ways. In the first, the fnrms of soil inorganic phosphat~ were 
determined before and after laboratory incubation; and in the second the 
phosphate potential and labile P status of the soil was measured before 
and after incubation treatment. 
3. Results 
3.1 Results from the field experiment 
3.11 Yield data 
The yield of rapeseed (both dry matter and grain) was increased 
by the addition of water. The total amount of irrigation water supplied 
during the year was approximately 12.5 em (5 inches) and this was supplied 
at 4 em H20 in mid-June, mid-July and mict-August. W~ter was applird 
when the available water in the light textured soil dropped below 
60% of field capacity. Th~ addition of pop-up fertilizer with the 
rapeseed also significantly increased (at the 5% level) the yield of 
rapeseed. This yield increase was n,ot expected as the level of avai ],.able 
<, 
phosphate in the 0-15 em sbil layer was approximately 30 lbs of NaHC03-
extractable P/acre. The current criteria used in the Saskatchewan 
Soil Testing Laboratory would rate soils with an extractable NaHC0 3 P 
level of greater than 30 lbs P/acre as containing sufficient phosphate 
and would not recommend fertilizer use. The increase of yield by the 
addition of, phosphate was just significant at the 5% level, and fer-
tilizer P may not have been justi1ied from an economic standpoint. 
The phosphorus content of the harvested plant material also reflected 
(Table 4) the differepces in phosphorus "ptake. 
' 
3.12 Phosphorus uptake from 30 and 45 em depths 
3.121 Uptake of p32 added as carrier free material on the unfertilized 
plot under normal precipitation and under irrigated conditions 
Analysis of rapeseed samples, taken at 25, 32, 37, 42, 47 and 
62 days from seeding from the unfertilized plots to which carrier free 
p32;had been added at 30 em and 45 em, are presented in Table 5. At 
each sampling date the uptake of P 32 from individual weighed samples 
lq6 
was multiplied by the total weight of plant material estimated on 
the labelled area to determine the percentage of added carrier free 
p32 taken up by rapeseed. The results shown in Table 5 also show 
the time at which the phosphate at a specific layer is contacted by 
the plant roots. For instance, the rapeseed plant roots started to 
utilize phosphate at the 30 em layer between 25 and 32 days after 
seeding; and 62 .. days after seeding, the amount of carrier free p32 
utilized from the 30 em layer varied from 30 to 40% depending on 
the water status in the soil. The roots in the dry plot intially 
took up the added P32 slowly, but eventually used more of the carrier 
free p32 than did the roots in the wet plot. 
When carrier free p32 was placed at 45 em the uptake was unde-
tectable at 25 days, less than 4% on both water regimes at 32 days 
and significant at 37 days. Once again the roots in the dry plot were 
much more efficient in the utilization of the placed p32 than were the 
plots receiving irrigation water. This is a reflection of the general 
water use in the various soil horizons. 
In the calculation of the data presented in Table 5, the uptake 
figures from a few plants within the experimental area had to be extra-
polated to cover all the plants in the labelled area. As most of the 
plants were taken in the middle of the labelled area, there is a 
danger of over estimating the amount of phosphorus uptake from the 
complete area. Samples taken at the edge of the labelled area sug~ 
gested that the percentage phosphate uptake could. be over estimated. 
The data in Table 5 presents both maximum and minimum values, and an 
average of the whole plot area would probably lie between the two. 
Unfortunately, the size of the plots did not permit a more accurate 
assessment of the uptake values. 
The data presented here agree very closely with the moisture use 
figures obtained over the growth period from the 15-30, 30-45 and 45-60 
em depths (Fig. 4), and also with the fact (Table 2) that there is a 
considerable amount of phosphate in an available form at depths in 
the plot area. 
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Uptake of labelled p32 fertilizer placed at 30 em or 45 em 
depths in the soil where pop-up fertilizer was placed with 
the seed 
When labelled phosphate fertilizer was placed at 30 and 45 em 
depths in the soil which had received pop-up fertilizer with the seed, 
the same trends were shown as had been obtained with the carrier free 
phosphate. The data (Table 6) presents the results of this experiment 
in two ways. First of all as A-values (lbs P/acre) which give an 
indication of the value of the applied phosphate fertilizer. For 
instance, at the 30 em depth the extremely high A-value obtained at 
the 25 day sampling date suggest that the labelled phosphate fertilizer 
was not being utilized at all at this time. As the season progresses, 
the A-values decrease markedly showing that the roots were using the 
radioactive fertilizer at the lower dept~s. The A-value is determined 
from the formula% of phosphate derived from the soil, over the % 
phosphate derived from the labelled fert~lizer, multiplied by the rate 
of application which in this case was 445 lbs P/acre. The A-values 
therefore represent a comparison of the ability of the soil to supply 
phosphate in comparison to that placed at depth. The data in Table 
6 also shows that when the labelled fertilizer was placed at 45 em, 
it took approximately 42 days for signif~cant amounts when used by 
the plant material. 
Another means of looking at the data is to look at the percentage 
of phosphate in the plants which is derived from the labelled fertilizer 
and this is presented in the second half of Table 6. When the phosphate 
was placed at the 30 em depth, the plant made use of it after 32 days; 
and when the phosphate was placed at 45 em the uptake values showed 
that over 40% of the phosphate in the plant was derived from the fer-
tilizer after 42 d~ys growth. 
This experiment again confirms that phosphate will be utilized in 
the soil at depths by the rapeseed plants under both irrigated and 
relatively dry conditions. The efficiency of application from depth 
is of course greater in the drier soil. Also comparison of the soil 
moisture data at two sampling dates, the first on June 22 after 
approximately 2f days growth, and the other a~ ·~gust 17 after approx-
imately 78 days growth, show that considerable amounts of water ha~e 
been utilized from both the 30 and 45 em depths under the dry treat-
me~t (Fig. 4). 
} 
3.2 Laboratory experime~t 
Two laboratory experiments were carried out to obtain a measure 
of available phosphate in the soil before and after incubation with 
added fertilizer. The incubation technique involved a wetting and 
drying cycle in which 5.33 g of mono-ammonium phosphatp was mixed with 
2 kg of soil and the whole brought to field capacity. The pot soil 
was allowed to dry out in a growth chamber and then wetted to field 
capacity again. This cycle was repeated ten times. The form of soil 
inorganic phosphate was then determined using a fractionation procedure. 
\ 
which had been modified from that used by Peterson and Cory (described 
in the Soil Science Society of American Proceedings 30:563-565). 
The-results from the fractionation of the incubated soils in the A, 
Band C horizon are presented in Tables 7, 8 and 9, respectively. 
These tables show that the wetting and drying cycle did not change the 
readily available phosphate in the untreated soil. In all soils that 
had _received additional phosphate and had been through the wetting 
and drying cycle, the majority of the phosphate still remained in the 
readily soluble P form, i.e. that extracted by ammonium chloride. The 
aluminum bound phosphate increased with ad~ed phosphate and incubation 
and supplementary data from other studies would show that this aluminum 
phosphate could still be used by plants in a highly calcareous soil. 
This data suggests that the transformation of added phosphate material 
to m~re insoluble forms is a slower process than has been anticipated. 
The possibility therefore exists that deep placed phosphate applied 
as a solution at depths from 15-45 em in dry light textured soil in 
the fall would be utilized by deep rooting plants sown in the following 
season. 
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4. Summary and Conclusions 
This initial work has shown that : (l ) in l1ght textured soils with 
dee p rooting crops such as rape and alfalfa , 
phosphate w2 be taken up from depths be lo 
em) . (2) That if this is the case the soi 
appreciable amo u nts of 
the p,ough layer ( 0 -15 
a_t i on needs 
adjus tment for lighter textured so i ls. (3) Tha on the &oils there i s 
a possibility of placing phosphat e a t d e pths be l ow 1 5 e m and that the 
efficiency of utilization of this phosphat e wi ll c ompare v~ry favourabl y 
with that placed in the 0 - 15 em la y er . (4 ) L a bor a tory work has ind i-
cated that phosphate applied as a solut i on ( mono -ammoni u m phosphate i n 
solution form) should rpma i n in a p l ant a vai l a ble fo rm f or some time. 
This brings up the possibility of f a l l ap p l ications of solut i on ph~sphat e 
at 15-30 em depths in the soil with good u t ili z ati on of applied phospha te 
by the crop grown in the next year . This p a rt icularl y applies to lig h ter 
textured soils where the difficult y of p l aci ng th e so l ution phospha t e 
may not be so great . 
These conclusions are mainly bas e d on t h e wo rk pr e s e nt e d in this 
report, but are supplemented by stud i es c ar rie d out b y c o - wor ke rs at 
the University of Saskat c hewan. Mu c h more wo rk is n ee d ed i n th i s ar e a , 
especially in the area of th e soil test c or rela t io n wi th various de e p 
rooting crops. However , the gr ea t a dvantag e of havi ng a n int e ns ive 
study on one site cannot be min i mi z e d . 
6. Proposal for 1 973 Summer 
It is proposed that some of t h e work star t e d in 1 972 be r e p ea t e d. 
The initial work on d ee p pl ac em e nt d e lib e ratel y u sed h igh l ev e l s of 
phosphate application so that trends fr om th e stud y c ould b e c l e a r l y 
seen. In many c as e s , th e r a t e of appl icati on was d e l i b e rat e ly pus h ed 
much higher than an e c onomic l evel . The 19 73 prog ram wo u ld again r e quire 
the placement of p h osphate at v ar i ous rates at dept h s of 3 0 e m , 45 em 
and 60 em in the soil. Attent i on wou l d have to be p ai d to the design of 
a field implement that would allow th e fal l ap p lication of solution 
Pat these depths in light textured soi l s . 
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Table l 
Ch~mical properties of the plot soil 
Depth pH Salinity Mechanical Analyses 
(em) mmhos/cm % Sand % Silt % Clay 
0-15 7.7 0.7 68.7 18.8 12.5 
15-30 7.8 0.6 68.3 19.5 12.2 
30-60 7.9 0.5 76.3 12.8 10.9 
Table 2 
Chemical properties of the plot soil 
Depth Total Inorg. Available Nutrients 
(em) c c 
(%) ( %) . N0 3 -N NaHC03-P NaHC0'3~K CaCl 2 -S 
(lbs/acre) 
0-15 3,8 0.5 23 34 370 11 
15-30 l.l l.O 24 23 280 8 
30-60 1.6 1.3 30 22 380 12 
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Table 3 
Effect of added water and phosphate on the yield of 
rapeseed (each value is the average of 8 reps). 
Dry Matter 
kg/ha 
Grain 
kg/ha 
and 
Normal 
Precipitation 
No p With 
4135 4158 
1120 1286 
Irrigated Plot 
p No p With 
6563 6823 
1950 2101 
p 
(bu/acre) (21.4) (24.8) (34.8) (37.5) 
P = 4 kg P/ha with seed. 
Significant different > 0.1% level between normal 
precipitation and irrigated treatments. 
Significant different 5% level between No P and P 
treatments. 
Table 4 
Phosphorus content (% P) of harvested plant material. 
Normal Irrigated Plot Precipitation 
No p With p No p With 
Straw 0.047 0.049 o.o74 0.079 
Grain 0.567 0.605 0.689 0.670 
p 
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Table 5 
The percentage of the added carrier free p32 taken from a 
Depth of 
p32 
placement 
30 em 
30 em 
45 em 
45 em 
b) 
Depth of 
p32 
placement 
30 em 
30 em 
45 em 
45 em 
specific soil depth with time and under different 
water treatments. 
a) Maximum value estimated from plant samples in the 
middle of the labelled area 
Days from Seeding 
25 32 .37 42 47 
(% P) 
dry 0.2 5. 3 25.8 3.·3. 5 24.4 
wet 0.4 10.7 12.0 30.8 15.5 
dry 2.4 13.1 28.5 53.0 
wet 3.8 6.4 26.9 21.u 
Minimum value estimated for plant samples at the edge 
of the labeJ,led area 
H2 0 Days from Seeding 
treatment 25 32 37 42 47 
(% P) 
dry 0.1 3.5 17.0 22.1 16.1 
wet 0.2 7.1 7.9 20.3 10.2 
dry 1.6 8.6 18.8 35.0 
wet 2.5 4.3 17.7 14.3 
62 
38.2 
30.3 
50.7 
30.8 
62 
25.2 
20.0 
33.5 
20.3 
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Table 6 
Uptake of phosphorus from placed fertilizers. 
a) A-values 
Depth of H20 Days from Seeding p32 
treatment placement 25 32 37 42 47 62 
30 em dry 3170 554 416 403 339 235 
30 em wet 5073 777 398 304 358 318 
45 em dry 1333 1741 761 370 366 
45 em wet 2240 950 654 478 455 
b) % P in the plants derived from labelled fertilizer 
placed at depth 
Depth of H20 Days from Seeding p32 
treatment placement 25 32 37 42 47 62 
30 em dry 16.9 45.7 52.1 55.2 57.3 65.8 
30 em wet 10.2 40.0 54.5 60.4 58.7 58.8 
45 em dry 27.6 36.1 43.7 55.7 65.6 
45 em wet 18.5 33.2 42.1 46.2 54.8 
Table 7. Fo~ms of soil inorganic phosphate in A ho~izon samples (0-15 em dept~) 
before and after laboratory incubation with added phosphate. 
Readily Al:?bound Fe- boUnd Ca-li:J0und 
cf.n-e ubatc:i-en Soluble ~ :p p P· Occlud-ed 
Tr.eatment -C-NH4Cl) (NH4 F/ <NaOH/ (Ii so ) p 
H3B03) NaGl) ,·2 . 4 
L ~ ~ 0 •• 
(J.lg P/g sol,lJ.: 
WOPO 15 29 14 190' 5 
WlPO 18 19 4 210 6 
.• 
,· WOPl 615 39 7 2_0.0. 5 
I W1l\. 4.70 146 ll 230 5 
W. ::: 10 Wet and Dry Cycles at 28°C over 4 months in the laboratory. 
l 
P1 = 5.33 g of NH4H2PO~ (26% P) per 2 kg soil. 
Reductant 
Sal ub-1. e P 
·<Na2 Szb4 -: 
citrate) 
2s--
34 
48 
8-9 
..... 
m 
CJJ 
Table 8 
Forms of soil inorganic phosphate in B horizon samples (15-30 em depth) 
before and after laboratory incubation with added phosphate. 
Readily Al-bound Fe- bound Ca-bound 
Incubation Soluble p p p p 
Treatment CNH4Cl) CNH4F/ (NaOH/ <H2S04) 
H3-B03) NaCl) 
(f-1g P/g SQil) 
w p 7 17 2 220 
0 0 
WlPO 7 16 3 230 
WOPl 380 21 2 255 
WlPl 335 142 3 318 
= 10 Wet and Dry Cycles at 28°C over a 4 month period 
laboratory. 
Occluded 
p 
4 
4 
5 
2 
in the 
Reductant 
Soluble P 
CNa2S204-
citrate) 
27 
28 
35 
88 
I-' 
m 
m 
Table 9. Forms ef soil inorganic phosphate in C·horizon samp:~es (30~60 em depth) 
befo.re and ~fter laboratory incubat:i:{)n. wf±h ad de~ phosphate. 
ReatliTy 
--In c·utNi;'tii~ 
--- Tr'e'ftt~t 
- ·- &>1--t~b 1-e p 
-(;Nil Ci) 
4 
WOPO 7 
WlPO 5 
_WOPl 470 
W11\ 425 
Ai=~~una 
p· 
(NH4F/ 
H3ao3) 
6 
_9 
16 
9,7 
F~'~b~und 
P· 
,(NaOH/ 
-- Na:Cl) 
Ca;:-bound 
. ·p; 
<n·:s<t> ) 2· --A 
'25~ 
260 
2§)0 
28.5 
Occluded 
p 
4 
2 
2 
3 
W :::: 10 Wet and Dry Cycles at 28°C over 4 months in the laboratory" 
l 
P 1 = 5'.33 g NHil2 P0 4 (26% P) per 2 kg sail. 
~'~~qtan,t · 
-~~ulbi ~ :P 
-~,(iNlizS~-o4-
ci tr~te) 
~,. 
le 
18 
35 
88 
1-' 
Ol 
iN 
